The crystal structures of niobophyllite, K2Na Fe 2 +7 (NbTi) (Si4012h O2 (OH)4 0, kupletskite-(Cs), CS2Na Mn7 Ti2 (Si4012l2 O2 (OH)4 F, and Sn-rich astrophyllite, K2 N a Fe 2 +7Ti2 (Si4012h O2 (OH)4 F, all members of the astrophyllite group, have been refined in space group pI to R1 values 5.96,3.33 and 3.53% for 3576, 3490 and 3791 observed [Fo > 4uF] as this (i) preserves the correct formula of the silicate radical in the structure, and (ii) identifies the O2 anion component of the structure as not bonded to Si.
INTRODUCTION
The astrophyllite-group minerals are alkali titanosilicates; they are divided into two main subgroups on the basis of the dominance of Fe 2 + (astrophyllite, Weibye 1848) or Mn 2 + (kupletskite, Semenov 1956 ) at the octahedrally coordinated sites in the structure. There has been extensive work on the structure and composition of the astrophyllite-group minerals. Piilonen et al. (2003a, b) reviewed previous work, presented a considerable amount of data (crystal-structure refinements, electron-microprobe analyses and Mossbauer spectra), and generalized the crystal chemistry of the astrophyllite-group minerals. They wrote the general formula as A2 B C7 D2 r, 026 (OH)4 XO-1, where A = Rb, Cs, Na, H30+, H20 F, kupletskite-(Cs), (Cs,Kh Na (Mn,Fe,Lih (Ti,Nbh Sis 026 (OH)4 F, niobokupletskite, K2 Na (Mn,zn,Fe 2 +h (Nb,Zr,Tih Sis 026 (OH)4 (O,F) [the latter formula was taken unchanged from Piilonen et al . (2000) ], and zircophyllite, K2 (Na,Ca) (Mn, Fe 2 +h (Zr,Nbh Sis 026 (OH)4 F. Piilonen et al. (2003a) listed niobophyllite, kupletskite-(Cs) and zircophyllite as minerals lacking structure data. Recent work on the crystal chemistry of the astrophyllite group includes crystal-structure refinement of a Zn-rich astrophyllite (Piilonen et al. 2004) , re-investigation of the crystal structure of magnesiumastrophyllite (Sokolova & Camara 2008) , and description and crystal structure of a new lithiumdominant member, nalivkinite, ideally Li2 Na Fe 2 +7 Ti2 [Sis 024] O2 (OH)4 F (Agakhanov et al. 2008 .
This work is a continuation of our interest in the crystal chemistry of the astrophyllite-group minerals. A natural next step is structural work on the three minerals lacking structure data, niobophyllite, kupletskite-(Cs) and zircophyllite. We were unable to obtain any sample of zircophyllite. The sample of kupletskite-(Cs) was kindly provided by Adriana and Renato Pagano, Milan, Italy, from their mineral collection (Collezione Miner-alogica, sample 562IB). This sample of kupletskite-(Cs) came from the type locality, the moraine of the Dara-i-Pioz glacier, Tien-Shan mountains, northern Tajikistan (Yefimov et al. 1971) . We started with two niobophyllite samples: (1) a holotype sample of niobophyllite from Seal Lake, Labrador (Nickel et al. 1964) obtained from the Royal Ontario Museum, sample M26l48, and (2) a sample of niobophylliie from the Zomba-Malosa pegmatite, Monte Malosa, Zomba, Malawi, from the mineral collection of Adriana and Renato Pagano (sample 8714). The niobophyllite from Malawi, described as such by Guastoni et al. (2003) , turned out to be Sn-rich astrophyllite. In this paper, we present the crystal-structure, Mossbauer and electronmicroprobe data for niobophyllite, kupletskite-(Cs) and Sn-rich astrophyllite, and revise some aspects of the crystal chemistry of the astrophyllite group.
CHEMICAL COMPOSITION

Miissbauer spectroscopy
Mossbauer spectra for these minerals were collected at room temperature (RT) using a 57Co(Rh) point source. A single crystal (size~300 urn) was used for the collection of the Sn-rich astrophyllite spectrum, and powdered absorbers containing~2 mg Fe/em? were used for kupletskite-(Cs) and niobophyllite. The spectrometer was calibrated using the spectrum of o-Fe at RT. The spectra were fitted to a model having two generalized sites, one for Fe 2 + (with two Gaussian components) and the other for Fe 3 + (with one Gaussian component), using a Voigt-based quadrupole splitting distribution (QSD) analysis. The fitted spectra are shown in Figure 1 , together with the QSD curves for Fe 2 +; selected hyperfine parameters are listed in Table  1 . The Mossbauer parameters and the QSD curves for Fe 2 + will be discussed in detail in a separate paper. Assuming equal recoil-free fractions for Fe 2 + and Fe 3 +, the Fe3+:Fetot ratio is 0.12(2), 0.07(2) and 0.04(2) for niobophyllite, kupletskite-(Cs) and Sn-rich astrophyllite, respectively. The ratio of the spectral areas of the low-velocity peak to the high-velocity peak (A-/ A+) was allowed to vary for the Fe 2 + site, whereas it was constrained to be equal to unity for the minor Fe 3 + peaks because of the presence of a small residual texture effect.
Electron-microprobe analysis
The crystals used for collection of the X-ray intensity data were mounted on a Perspex disc, ground, polished, carbon-coated and analyzed with a Cameca SX 100 electron microprobe operating in wavelengthdispersion mode with an accelerating voltage of 15 kV, a specimen current of 20 nA, a beam size of 10 p.m , and count times on peak and background of 20 and 10 s, respectively. The following standards were used for K and L X-ray lines: Si, Ca: diopside, AI: andalusite, Na: albite, K: orthoclase, F: fluororiebeckite, Mg: forsterite , Ti: titanite, Mn: spessartine, Fe: fayalite , Zn: gahnite, Nb: Ba2NaNb5015, Ta: MnNb2Ta09' Sn: Sn02, Cs: pollucite, Zr: zircon, Pb: PbTe, Sr: SrTi03, Rb: RbAlSi206, Ba: barite, Ce: CeP04, La: LaP04, and Nd: NdP04. The data were reduced and corrected with the PAP method of Pouchou & Pichoir (1985) . The amount of H20 was calculated from the structure refinement (see discussion below). For kupletskite- (Cs) and Sn-rich astrophyllite, OH + F = 5 apju (atoms per formula unit). For niobophyllite, OH + F = {5 -[0 2 -(= 0.5 Nb)]} apju. The single crystal of kupletskite-(Cs) was analyzed by laser ablation -inductively coupled plasma -mass spectrometry (LA-ICP-MS) and gave 0.69 wt. % Li20. The empirical formulae were calculated on an anion basis of (0 + OH + F) = 31 apfu: (Table 2) .
CRYSTAL STRUCTURE
X-ray data collection and structure refinement X-ray diffraction data were collected with a Bruker AXS diffractometer equipped with a SMART APEX 
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The refined unit-cell parameters were obtained from reflections with! > lOu! (4422 for niobophyllite, 7244 for kupletskite-(Cs) and 9986 for Sn-rich astrophyllite). An empirical absorption correction (SADABS, Sheldrick 1998) was applied for niobophyllite and Sn-rich astrophyllite. Crystals of kupletskite-(Cs) were found to be twinned (twin law 1100, 1 0 1, -0.430 -0.8541): both components of the twin were integrated and, after correcting for absorption using TWINABSvl.02 (Bruker Nonius ®), only non-overlapping reflections corresponding to the highest-volume component (80:20) were used for the refinement. Using atom coordinates from Piilonen et al. (2000) , the crystal structures of niobophyllite, kupletskite-(Cs) and Sn-rich astrophyllite were refined to R, values of 3. 33-5.96% and GoF values of 1.064-1.231 with the Bruker SHELXTL version 5.1 system of programs (Sheldrick 1997) . For kupletskite-(Cs) and Sn-rich astrophyllite, we observed a splitting of the A site into two and three sites, respectively, separated by short distances. For further refinement, displacement parameters for A (1, 2) and A (1, 2, 3) sites in kupletskite- (Cs) and Sn-rich astrophyllite were constrained to be equal. Site-scattering values were refined (1) in all structures for the M (scattering curve of Fe) and B sites (scattering curve of Na); (2) for the D site, with scattering curves of Nb, Ti and Sn for niobophyllite, kupletskite-(Cs) and Sn-rich astrophyllite, respectively; (3) niobophyllite: for the A site (scattering curve of K); kupletskite-(Cs): for the A(1) and A(2) sites (scattering curves of K and Cs); Sn-rich astrophyllite: for the A(1), A(2) and A(3) sites (scattering curves of K, K and Cs). Hydrogen atoms were included at the final stages of refinement, and both H positions were softly constrained by setting the O-H distances equal to 0.98 A. Details of data collection and structure refinement are given in Table 3 , final atom parameters are given in Table 4 , selected interatomic distances Cation sites in Table 5 , refined site-scattering values and assigned populations for selected cation sites are given in Table  6 , positional disorder at the A site is presented in Table  7 , details of hydrogen bonding in Table 8 , and bondvalence values for selected anions in 
Topology of the structure
The crystal structures of niobophyllite, kupletskite-(Cs) and Sn-rich astrophyllite are topologically identical to that of astrophyllite (Piilonen et al. 2003b) . The M(l), M(2), M(3) and M(4) octahedra (C-group atoms) share edges to form a sheet of close-packed octahedra (0) of ideal composition C7014. The characteristic feature of the astrophyllite structure is the (Si40d ribbon [a branched silicate chain in the terminology of Liebau (1985) ] that extends along [100] . These (S4012) ribbons share common vertices with D octahedra to form the heteropolyhedral (H) sheet. In the crystal structure of astrophyllite-group minerals, the 0 sheet and two H sheets form an HOH block of composition C7 D2 (Si4 012h O2 (OH)4 XO-1. Along [001], these HOH blocks connect via common X anions of D octahedra and interstitial cations at the A and B sites (Fig. 2a) . Site populations were assigned on the basis of the refined site-scattering values (Table 6 ), the chemical formulae (Table 2) derived from electron-microprobe analysis, and the Mossbauer results (Table 1) , and the observed mean bond-lengths (Table 5) .
The D site: This site is usually occupied by the highcharge cations Ti 4 + and Nb (Piilonen et al. 2003b) , and in Sn-rich astrophyllite, we expect Sn 4 + to occupy this site. The higher refined site-scattering value for this site in Sn-rich astrophyllite relative to the values in niobophyllite and kupletskite-(Cs) ( (Table 5 ).
In accord with previous work summarized in Piilonen et al. (2003b) , we assigned mainly Na and less Ca to fill this site in accord with the refined site-scattering values (Table 6 ).
The stereochemistry of the A site is more complicated. The cavity in which the A site occurs is surrounded by 13 anions with a <A-cp> distance of 3.3 A. It is mainly occupied by K (e.g., astrophyllite, kupletskite, Piilonen et al. 2003a, b) , rarely Cs [e.g., kupletskite-(Cs), Yefimov et al. 1971] , Li (nalivkinite, Uvarova et al. 2008) , and Na and Rb in minor amounts (e.g., kupletskite-lA, Christiansen et al. 1998; niobokupletskite, Piilonen et al. 2000) (Table 7 ). The details of the coordination depend on the constituent cation(s). Christiansen et al. (1998) and Piilonen et al. (2003b) described the splitting of the A site into two sites, a [12-13]-coordinated site and a [5]-( or [13]) coordinated site, within the A cavity, denoted A(la) and A(lb) by Piilonen et al. (2003b) . These two sites are separated by <1 A, and hence cannot both be occupied at the local scale [i.e., occupancy of one site precludes occupancy of the locally adjacent site]. Here, we have identified one A site in niobophyllite (Fig. 2b ), the splitting of the A site into two sites in kupletskite-(Cs) (Fig. 2c) , and the presence of three sites in Sn-rich astrophyllite ( Table 6 ). The nomenclature A(la) and A(lb) seems needlessly complicated, and we have renamed these sites A(l) (17) Table 6 . For niobophyllite, the sum of the alkali and alkaline-earth cations remaining after assignment of cations to the B site is assigned to the A site, and the effective scattering of these cations (46.7 epju) is close to the refined sitescattering (49.8 epju). For kupletskite-(Cs), the sum of the alkali and alkaline-earth constituents in the formula is 3.67 apju ( Table 2) . As the sum of the constituents of the A and B sites cannot exceed 3 apfu, at least 0.67 apju alkali and alkaline-earth cations must be assigned to other sites in the structure. The refined site-scattering value at the A site indicates that Cs dominates this site. We assume that K, Sr and Pb also occur at this site to give an effective scattering of 92.8 epju compared with the refined value of 87.6 epju. For Sn-rich astrophyllite, the A(1) and A(2,3) sites are dominated by K and vacancy (Table 6 ). The ideal compositions of the A site are K2 (niobophyllite and Sn-rich astrophyllite) and CS2 apju [kupletskite-(Cs)]. The M sites: In Sn-rich astrophyllite, the sum of the medium-sized divalent (Fe 2 +, Mn 2 +) and trivalent (Fe 3 +) cations is 6.89 apfu, indicating that the M(l-4) sites are filled with Fe 2 +, Mn 2 + and Fe 3 +, except possibly for a small amount of an additional component (0.11 pfu, 0.09 Ca and 0.02 Zn according to the formula, Table 2 ). This observation is in accord with the refined site-scattering values at the M(1-4) sites (Table 6 ). In astrophyllitegroup minerals, the size of the M polyhedra follows the pattern M(1) > M(2) > M(3) > M(4) (Piilonen et al. 2003b) . In Sn-rich astrophyllite, <M-cp> distances vary (Table 6 ). The M( 1-4) sites give Fe 2 +6.18Mno.4sFe3+ 0.26Cao.09 ZnO.02 (total charge 14.26+), which is in good agreement with ideal composition Fe 2 +7pju (charge 14+).
In niobophyllite and kupletskite-(Cs), the sum of the medium-sized divalent and trivalent cations is « 7
apfu, suggesting (1) (5) M (2)-0(7) 2.099(4) 2.112(2) 2.098 (2) A (1)-0(9) 2.944(8) 3.122(2) 2.884 (5) M (2)-0(5) (2) A (1)-0(14) 3.389(6) 3.400(2) 3.407 (4 ) M (2)-0(7) h: x,y+i,z; i: x,y,z+i;j: -x,-y+i,-z+2; k: -x+i,-y+i,-z+2; I: -x,-y+i,-z; m: x,y,z-i;n: 
, coordination number; dioctahedral character), or (2) incorporation of additional cations at the M sites. In this regard, Piilonen et al. (2003b) assigned sufficient Na to the M(l) site in astrophyllite-group minerals to bring the cation sum to 7 apju at the M(l-4) sites. Moreover, Na is the sole (8) 124 (5) 0(5) .. 0(9)b 0.98(1) 2.85 (7) 3.459 (9) 121 (5) occupant of the M(l) site in magnesiumastrophyllite (Sokolova & Camara 2008) . In niobophyllite, the sum of the dominant type of M cations (Fe 2 +,Mn 2 + and Fe 3 +) is 6.55 apju. The total refined site-scattering at the A and B sites is 49.8 e, and the total effective scattering of the alkali cations (K, Cs and Na) is 46.7 e. Hence there is no excess of alkali cations that we can assign to the M sites, and the difference between the total number of M sites and the sum of the small divalent and trivalent cations must represent a true vacancy component, 0.45 D. The total refined site-scattering at the M sites in niobophyllite is 169.4 epfu, and the total effective scattering of Fe 2 +, Mn 2 +and Fe 3 +is 168.4 epfu, in accord with the previous conclusion that there is no excess of alkali cations to assign to the M sites. Hence the site populations were assigned in accord with the range in <M-cp> distances for the M polyhedra: M(l), 2.184 -M(4), 2.131 A:
significant Mn was assigned to the M(l,2) sites, and all Fe 3 + to the M(3,4) sites according to the refined site-scattering values (Table 6 ). In niobophyllite, Mn is dominant at the one M(l) site, and Fe 2 + is dominant at the three sites M (2, 3, 4) . The four M sites give Fe2+4.02Mn1.9SFe3+o.55Do.45 (charge 13.62+) or ideally Fe 2 +7pju (charge 14+).
In kupletskite-(Cs), the sum of dominant M cations (Fe 2 +, Mn 2 +, Fe 3 +, Mg and Zn) is 6.31 apju. The difference between this sum and the total available at the M sites, 7 -6.31 = 0.69 pfu, is essentially equal (Table 6 ). The M(1-4) sites give Mn3.74Fe2+1.S2Lio.6SZnO.soFe3+ 0.14Mg0.11 Dom (total charge 13.44+), which is in good agreement with the ideal composition Mn7 pju (charge 14+).
We write an ideal cation component, A2 B C7 D2, of the structure for the niobophyllite, kupletskite-(Cs) and Sn-rich astrophyllite as follows: K2 Na Fe 2 +7 (NbTi) , CS2 Na Mn7 Ti2 and K2Na Fe 2 +7Ti2, respectively.
Hydrogen bonding
Details of hydrogen bonding are given in Table 8 . Weak hydrogen bonds occur between OH groups of the o sheet, central atoms 0(4) and 0(5), and 0 atoms, which are common anions for D octahedra and (Si04) tetrahedra, 0(9,11,12,15) (see Fig. 2a 
Anion consideration
In niobophyllite, kupletskite-(Cs) and Sn-rich astrophyllite, there are twelve sites, 0(1), 0(3), 0(6-15), occupied by 0 atoms which belong to (Si04) tetrahedra and give 24 0 atoms pju. Those 24 0 atoms correspond to two astrophyllite (Si4012) ribbons. There is one site, 0(2), which receives bond valence from three M octahedra and a D octahedron, giving 02Pju. There are two sites, 0(4) and 0(5), which are occupied by OH groups (see discussion above). Bond valence incident at each of these two sites (including contribution from an H atom) sums to 1.96-2.05 and 2.02-1.93 vu (valence unit) ( Table 9 ). The two 0(4) and 0(5) sites give (OH)4 pju. There is one X site that can be occupied by F, OH, o and D (Piilonen et al. 2003a, b) . In niobophyllite, the X site is [6]-coordinated; it receives bond valence from two D, two A(l) and two B cations. In niobophyllite, the bond valence incident at the X site is 1.88 vu (Table 9) , and it reflects the composition of the X site, OO.74FO.130HO.13, ideally 0 apju. The amount of 0 2 -atoms at the X site correlates with the content of Nb at the D site, 0.73 apju. Therefore, we write the anion part of the niobophyllite structure as (Si4012h O2 (OH)4 O. In kupletskite-(Cs) and Sn-rich astrophyllite, the X atom is [6]-coordinated; it receives bond valence from two D, two A(1) [or alternatively two A(2)] and two B cations, 1.20 and 1.22 vu, respectively (Table 9 ). In kupletskite-(Cs) and Sn-rich astrophyllite, the composition of the X site is FO.710Ho.29and FO.6SOHo.3s, ideally F1.o0apju. For kupletskite-(Cs) and Sn-rich astrophyllite, we write the anion part of the structure as (S4012h O2 (OH)4 F.
DISCUSSION
Chemical jormulae
Niobophyllite, kupletskite-(Cs) and Sn-rich astrophyllite: We write their ideal chemical formulae as the sum of the cation and anion parts: niobophyllite, K2Na Fe 2 +7 (NbTi) (S4012h O2 (OH)4 0, kupletskite-(Cs), CS2 Na Mn7 Ti2 (Si4012h O2 (OH)4 F, and Sn-rich astrophyllite, K2 Na Fe 2 +7 Ti2 (Si4012h 02 (OH)4 F. Compare our formulae with those revised by (Piilonen et al. 2003a ) for niobophyllite , K2 Na (Fe 2 +,Mnh (Nb,Tih Sis 026 (OH)4 (F,O); kupletskite-(Cs), (Cs,Kh Na (Mn,Fe,Lih (Ti,Nb h Sis 026 (OH)4 F and astrophyllite, K2Na (Fe 2 +,Mnh Ti2 Sis 026 (OH)4F. Our formulae for kupletskite-(Cs) and Sn-rich astrophyllite (= astrophyllite) are compatible with those of Piilonen et al. (2003a) . Based on the structural data, X in the formula for niobophyllite is given as 0 (= OO.74FO.130HO.13, see above). Revised ideal formulae and unit-cell parameters for astrophyllite-group minerals are given in Table 10 .
Zircophyllite: Zircophyllite is the only astrophyllitegroup mineral that lacks structural characterization. Kapustin (1973) carried out a chemical analysis of zircophyllite, and we calculated its empirical formula unit based on 31 (O+OH+F) anions (the content of H20 was changed from 3.20 to 2.70 wt.% to achieve OH + F = 5 apju): K1.66 (Nao.70 Cao.23h:O.93 (Fe2+3.S1Mn3.71ZrO.26h:7As (Zrl.2STioAoNbO.24Hfo.osh:2.00 (Si7.59024)O2 (OH4.19F0.8sh:s.Q7. This empirical formula tells us that Si is low, 7.59 instead of 8 apfu, and there is an excess of C cations, 7.48 instead of the maximum allowed, 7 apju. Therefore, it is not possible to write a simplified or ideal formula, or to revise it with any confidence. Zircophyllite was originally described as an Fe 2 +-dominant mineral (Kapustin 1973) . Piilonen et al. (2003a) listed it as a Mn 2 +-dominant mineral and gave a revised chemical formula: K2 (Na,Ca) (Mn, Fe 2 +h (Zr,Nbh Sis 026 (OH)4 F. Although in the empirical formula, Mn -Fe 2 + = 0.20 apju (see above), the excess of 0.48 apju for the C cations makes the evaluation of zircophyllite as a Fe 2 +-or Mn-dominant mineral problematic.
The astrophyllite-ribbon component: There is one conceptual difference concerning presentation of the Si-O radical: (Si4012h (this work) versus Sis 026 [Piilonen et al. (2003 a) ] . We write the astrophylliteribbon component of the formula as (S4012h in order to emphasize that (1) the translational repeat fragment of the ribbon has the formula (Si4012); (2) there are two ribbons (corresponding to two H sheets) attached to the central 0 sheet; (3) the O2 anions do not link to Si, and this information should be preserved in the chemical formula by writing them separately from the silicate radical: (Si4012h02. In the first publication on the crystal structure of astrophyllite, Peng & Ma (1963) wrote the astrophyllite-ribbon component as [Si4012h. In his discussion of common features for micas, astrophyllite-group minerals and Ti disilicates of the bafertisite group, Belov (1976) also gave the astrophyllite-ribbon formula as [Si4012l. We propose to maintain the original crystal-chemical form of the astrophyllite group and write all formulae with the component (S4012h02.
A-site disorder and potential new species in the astrophyllite group Table 7 gives details of the A-site disorder in minerals of the astrophyllite group. To summarize, the interstitial A site can occur as a single site or may be split into two or three sites separated by short distances and hence partly occupied. The [13-12]-coordinated A(1) site is occupied mainly by K and D (vacancy) as dominant constituents, and Li, Rb and Na in minor amounts. The [5]-coordinated A(2) site is occupied by Li as a dominant constituent, and K, Na, Ca, Pb and Sr as minor constituents. The [13]-coordinated A(3) site is occupied by D (vacancy) and K as major constituents, and Cs as a minor constituent. The presence of vacancy at all three sites makes it possible to predict potential compositions that are currently unknown. For example, the Na-dominant B site commonly hosts minor Ca (Piilonen et al. 2003b) . The ions Ca 2 + and Na+ have a similar size [[lO]r= 1.29 (Na) and 1.23 A (Caj] , suggesting that a Ca-dominant astrophyllitegroup mineral is possible. Excess positive charge at the B site can be compensated by vacancy at the A site: BCa 2 ++ AD --BNa++ AK+,leading to (K D) Ca Fe 2 +7 Ti2 (S4012h 02 (OH)4 F. Note that Sokolova & Camara (2008) proposed another potential new composition, ideally K2 Ca (Fe4 Mg2 Na) Ti2 (Si4012h O2 (OH)4 F, with the topology of the magnesiumastrophyllite structure and related to magnesiumastrophyllite by the substitution BNa+ + xD __ BCa2++ xp-.
SUMMARY
Three minerals of the astrophyllite group, niobophyllite, K2 Na Fe 2 +7 (NbTi) (Si4012h O2 (OH)4 0, kupletskite-(Cs), CS2Na Mn7 Ti2 (Si4012h O2 (OH)4 F, and Sn-rich astrophyllite, K2 Na Fe 2 +7Ti2 (Si4012h O2 (OH)4 F, have been structurally and chemically characterized.
(1) We suggest that the general formula of the astrophyllite-group minerals be written as A2 B C7 D2 (T4012h 02 (OH)4 XO-l as this (i) preserves the correct formula of the silicate radical in the structure, and (ii) identifies the O2 anion component of the structure as not bonded to Si.
(2) The discovery of Sn-rich astrophyllite tells us that there is potential for a new mineral species of the astrophyllite group where Sn 4 + is a dominant cation at the D site.
(3) We have identified three distinct A sites, A(I), A(2) 
